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Palatability and anti-predation strategies in Costa Rican
butterflies
Genevieve Mauro
Department of Biology, University of Minnesota
_____________________________________________________________________________________

ABSTRACT
Butterflies have evolved morphological and behavioral characteristics that are thought to inhibit predation. This
study ties wing characteristics, flight patterns and speeds, and activity patterns of butterflies with their
palatability. Wing loading, wing toughness, scale density, flight speed, sporadicity, wing flaps, and behaviors
such as feeding, resting, flying, and chasing were all compared for palatable species and unpalatable species of
butterflies in Costa Rica. Palatable butterflies were found to have faster flight and higher sporadicity than
unpalatable butterflies. No significant trends were found with wing loading, wing toughness, or scale density.
Also, three species that differ in natural history and defensive strategies were specifically examined (Heliconius
clysonymus, Morpho peleides, and Caligo Memnon). Their behavior patterns were significantly different as well
as their wing flaps per second, suggesting that butterflies engage in activities that enhance their defense
strategies. Palatable butterflies spend more time resting than unpalatable butterflies, while the unpalatable
butterflies spend most of their time flying and eating. These results suggest that selective pressures placed on
butterflies by visual predators have affected the life strategies used by the butterflies.

RESUMEN
Las mariposas han evolucionado características morfológicas y conductuales que se crea que inhiben predación.
Este estudio relaciona características de las aulas, patrones de vuelo y velocidades, y patrones de actividad de
mariposas con agradabilidad. Cargar de aulas, la dureza de las aulas, la densidad de las escamas,
esporadicidad, batires de las aulas, y conductas como comer, descansar, volar, y perseguir fueron comparadas
para especies agradables y especies desagradables de las mariposas de Costa Rica. Las mariposas agradables
tenían velocidad más rápido y sporadicidad más alta que las mariposas desagradables. No había una tendencia
significativa con cargar de aulas, la dureza de las aulas, o la densidad de escamas. También, tres especias que
son diferentes en historia natural y estrategias defensas fueron observados más expresamente (Heliconius
clysonymus, Morpho peleides, y Caligo memnon). Todas sus patrones de conducta fueron apreciablemente
diferentes, y sus batires de aulas. Esto proponen que mariposas hacen actividades que mejoran sus estrategias
defensas. Mariposas agradables pasan más tiempo descansando que mariposas desagradables. Al mismo tiempo,
las mariposas desagradables pasan la mayoria del tiempo volando y comiendo. Estos resultados proponen que
presiones selectivas que predadores visuales ponen en las mariposas han afectado las estrategias de vida usados
por las mariposas.

INTRODUCTION
Chemical defense, aposematism (warning coloration), crypsis, and mimicry are all effective antipredation strategies utilized by butterflies (Brower 1984). It is thought that these characteristics
evolved in response to pressures from visual predators such as birds and lizards (Marden 1992).
Batesian mimicry, when a palatable species (one that is not chemically defended) mimics the
coloration pattern of an unpalatable species (one that is chemically defended), and Mullerian
mimicry, when two or more unpalatable species mimic each other, are both found among the
butterflies of Costa Rica (Brower 1984). There are also palatable butterflies that are not mimetic
that have presumably obtained other methods of defense, and non-mimetic species that have
presumably developed other characteristics to supplement their defense.

Associated with palatability and coloration are behaviors and morphological
characteristics that may serve to enhance the chosen anti-predation strategy. Butterflies are
extremely varied in wing size and shape, body shape, and weight (Dudley 1990), which all
potentially impact defense for the butterfly. Previous studies have suggested that species that
have evolved unpalatability have relaxed certain anti-predation traits because the necessity for
them is less severe (Marden and Chai 1991). For example, unpalatable butterflies usually have
long wings for slower flight. This is less energetically expensive, and due to their chemical
protection, fast escape is not usually necessary (Chai and Srygley 1990). On the other hand,
palatable butterflies have been shown to have relatively shorter wings that may aid in fast escape
from potential predators (Chai and Srygley 1990). Palatable butterflies are also thought to have
weak wings with many scales so that, if captured, the wings will break off easily and escape is
possible, or sloughing of the wings will make them difficult to grab. In contrast, unpalatable
butterflies are thought to possess high wing toughness and low scale density. This is due to the
necessity of escape from predators being less frequent than for palatable butterflies, and if it is
handled by a predator it will most likely be released relatively unharmed and with little wing
damage if the wings are tougher (Chai 1996). Wing toughness and scale density have been given
little attention so these hypotheses remain to be tested. Another characteristic is wing loading, an
attribute described as a ratio between wing length and body mass, which can help predict flight
capabilities such as speed and maneuverability. A high value (large wings with a relatively small
body) indicates low speed ability and maneuverability, whereas a low value (small wings relative
to body size) indicates the ability for high speed and agility.
Flight patterns can also play a major role in potential predation. Flight behavior can act
as a signal to warn or encourage predators because they learn to associate these motions with the
appearance of the butterfly, and subsequently its taste (Chai 1988). Many studies have led to
generalizations that unpalatable butterflies, due to aposematism, fly slowly and with little
sporadicity, but when pursued, are captured fairly easily. In contrast, palatable butterflies are
faster and exhibit more irregular flight, but when attacked, they can escape more frequently
(Chai and Srygley, 1990).
Defining the relationship between morphological traits, behavioral patterns, and
palatability is important for understanding the ecology and evolution of butterflies and antipredator defense. Unpalatable butterflies should have tough wings with low scale density, high
wing loading, and slow unvaried flight patterns, while palatable butterflies will benefit more
from weak wings with high scale density, low wing loading, and fast, erratic flight due to their
differing anti-predation strategies. In looking more closely at three individual species, Morpho
peleides (palatable and cryptic), Caligo memnon (palatable and cryptic), and Heliconius
clysonymus (unpalatable and aposematic), it is hypothesized that their activities will differ in the
amount of time each spends doing which, and flight behaviors will differ due to their contrasting
natural histories and defensive strategies.

METHODS
Study sites
The study was conducted from April 11, 2002 through May 7, 2002 in four different areas that
have forest and open edge fragment in Costa Rica (San Luis, Los Llanos, Monteverde, and Cerro
Plano). Several sites were utilized at each location to collect and observe the butterflies. The
Monteverde Butterfly Garden was also used for observation and data collection.

Capturing and trapping methods
Two capturing methods were used. First, six fruit traps were hung from tree branches in the
forest to collect fruit-eating species. Each trap was a plate of banana and mango soaked in
molasses and beer that was covered by a tent of netting. After the butterflies entered the traps,
they would fly up and be captured by the netting. The second method was to catch the butterflies
in a hand-held butterfly net.
Measurements
Flight speed was calculated by observing a butterfly in its natural flight between two arbitrarily
chosen points. These events were timed with a stopwatch and the distance was subsequently
measured with a measuring tape to report the data as meters per second. Each event was
recorded only if a minimum flight distance of four meters was observed.
The sporadicity of flight was measured and ranked on a scale of one, two, and three
(three being most sporadic). This was a relatively qualitative measurement in which butterflies
that flew with very little to no directional change during the observed time received a rank of
one, those that flew straight forward but had little to moderate directional change received a rank
of two, and those that were changing the direction of flight for more than half of the observed
time received a rank of three.
The collected butterflies were studied for scale density, wing toughness, and wing
loading. The wings were placed under a dissecting microscope with a sheet over it that had a
one mm2 square drawn on it. The scales present within the square were counted and recorded as
scales per mm2. Then, wing toughness was measured with a penetrometer to see if the wings of
unpalatable butterflies are tougher than those of palatable species as hypothesized. This device
consists of two metal plates between which the wing is placed. Both plates have a small hole in
the middle that a platform with a pin on it goes through. A container is placed on the platform,
and water is added until the weight causes the pin to penetrate the wing (Figure 1). The amount
of water, the platform, and the container were weighed on a balance, and the relative toughness
was recorded in grams. Finally, wing loading was measured as a ratio between wing length and
body mass to see if unpalatable butterflies are more likely to have large wings used for gliding
and slow flight.
Three individual species, H. clysonymus, M. peleides, and C. memnon, were studied more
in depth. Heliconius clysonymus is considered unpalatable and aposematic in coloration, while
M. peleides and C. Memnon were both considered palatable and cryptic in coloration. The
coloration of M. peleides is somewhat argued, but it is definitely cryptically colored on the under
side of the wings, and the iridescent blue has been shown to be fairly ineffective at deterring
predators visually (Chai 1988). Their wing flaps per second were observed and recorded to find
if a correlation exists between palatability and how much gliding or slow flight a species
exhibits. A stopwatch was used to measure time and the number of flaps that occurred during
the measured time was recorded. Only observations that were at least ten seconds long were
recorded. Also, for these three species, the amount of time spent engaged in four different
activities, eating, resting, feeding, and chasing, was observed and recorded to see if behavior
varied significantly between species.

Statistics
To begin statistical analyses, the mean measurement of all individuals of each species was taken
for flight speed, sporadicity, scale density, wing toughness, and wing loading. This caused each
species to be represented by one data point. For recorded wing flaps per second, and patterns of

activity, each recorded individual of the three species was represented independently.
A Mann-Whitney U test, as described by Zar (1984), was performed to compare
sporadicity, flight speed, scale density, wing toughness, and wing loading with palatability. Scale
density, wing toughness, and wing loading were further tested against each other using linear
regression analyses to find any correlations that existed between them. A Fisher exact test (Zar
1984) was used to compare the percentage of time spent by each of three species doing different
activities. A Kruskal-Wallis test (Zar 1984) was used to correlate wing flaps per second with
species type.

RESULTS
For this study 62 individual butterflies were collected of 35 different species (24 palatable species
and 11 unpalatable). Also, 100 individual butterflies of 22 different species (12 palatable species
and ten unpalatable) were observed for behavioral information. Palatabilities were determined
by information provided by Ackery (1989), DeVries (1987), and Marden and Chai (1991).
Flight behavior and palatability
The average flight speed of palatable butterflies (Mean ± SD = 2.03 ± 0.97) was significantly
higher than that of unpalatable butterflies (1.40 ± 0.69); (Mann-Whitney U = 131; p = 0.003);
(Figure 2). Palatable species also exhibit significantly more sporadic flight behavior than
unpalatable species (Mann Whitney U = 123; p = 0.007) (Figure 3). When speed was compared to
sporadicity with a Kruskal-Wallis test, no significant correlation was found (Hcorrected = 2.03; p =
0.363) although the highest speed was given to the sporadicity assignment of three (1.86 m/s) and
the lowest to the sporadicity assignment of one (134 m/s). This comparison was done by taking
the average speed for each species with a given sporadicity and comparing them with species of
other sporadicities.
Wing morphology and palatability
There was no significant difference between the scale densities of palatable species (187.13 ±
110.87) in comparison to unpalatable species (280.25 ± 67.21); (Mann-Whitney U = 174; p =
0.314). A trend for unpalatable butterflies to have greater wing toughness (71.79 ± 65.48) than
palatable species (44.62 ± 46.49) was found, but this trend was not significant (Mann-Whitney U
= 197; p = 0.065). There was no significant difference in wing loading between palatable (0.041
± 0.036) and unpalatable species (0.033 ± 0.022); (Mann-Whitney U = 153; p = 0.212).
Linear regression analyses showed a negative relationship between wing toughness and
scale density (see above paragraph for means for palatable and unpalatable wing toughness and
scale density); (Figure 4). This trend shows that if a species has tough wings, it most likely has
low scale density, and with weak wings there is high scale density. This negative correlation was
significant for palatable species (N = 24; r2 = 0.342; p = 0.0027) but not significant for
unpalatable species (N = 12; r2 = 0.259; p = 0.090). Also, at any given scale density, the
unpalatable butterflies have tougher wings (Figure 4). A negative correlation was also found
between wing loading and scale density, which indicates that a species that has low scale density
also has high wing loading, whereas species with high scale density will also have low wing
loading (see above paragraph for means of palatable and unpalatable wing loading); (Figure 5).
This relationship was significant for both palatable (N = 24; r2 = 0.190; p = 0.0341) and
unpalatable species (N = 10; r2 = 0.550; p = 0.0140). A positive correlation was found between
wing loading and wing toughness (Figure 6). This trend was significant for both palatable (N =

24; r2 = 0.479; p = 0.0002) and unpalatable species (N = 10; r2 = 0.587; p = 0.0097) and
suggests that butterflies with tough wings have low speed and maneuverability.
Overall, there was a general syndrome for tough wings, low scale density, and slow flight
to all occur together for both palatable and unpalatable species. A given species can fall
anywhere along this continuum that links all of these traits together, so they are not necessarily
separate strategies.
Activity patterns between species
Three specific species were further compared to find trends in their behaviors (H.
clysonymus, C. memnon, and M. peleides). The wing flaps per second that were observed for
each species were compared in a Kruskal-Wallis test, which showed that a significant difference
between species exists (Hcorrected = 23.81; p < 0.0001). The M. peleides exhibited significantly
fewer wing flaps per seconds than the other two species according to the mean ranks given by
the test (M. peleides = 14.26, H. clysonymus = 35.96, C. memnon = 33.83); (Figure 7). It is also
important to note that the unpalatable, aposematic species (H. clysonymus) did not differ
significantly from the other palatable, cryptic species (C. memnon). A Fisher exact test was
performed to compare the percentage of time spent doing specific activities by each species
(eating, resting, flying, and chasing). Significant differences were found in the percent of time
each species spent engaged in the varying activities (Chi square = 152.32; df = 6; p < 0.0001).
Heliconius clysonymus (unpalatable, aposematic) spent the majority of its time feeding (61%)
and flying (31%) while M. peleides (palatable, cryptic) and C. memnon (palatable, cryptic) spent
more time resting than any other activity (40 % and 72% respectively). Caligo memnon
individuals were never found to chase each other and they flew very infrequently compared with
the other two species (Figure 8).
The reaction behavior upon being potentially captured by a predator was also noted for
these three species, though not statistically or observationally reported. Morpho peleides would
suddenly increase its speed and sporadicity to escape the situation with less of a chance of being
caught. Caligo memnon would almost immediately fly to a perch, fold its wings, and be still.
Heliconius clysonymus showed very little reaction, and continued with normal flight patterns and
activity.

DISCUSSION
Flight characteristics, wing morphology, and activity patterns differed for palatable and
unpalatable butterflies. High speed and high sporadicity were both significantly correlated with
palatable species of butterflies (Figures 2 and 3). This suggests that speed and sporadicity has
evolved as effective means for avoiding and escaping predators that have learned that these
species are preferable to eat. At the same time, the unpalatable species had significantly lower
speed and sporadicity. Both speed and sporadicity are energetically expensive and the
unpalatable species have chemical defenses that minimize the importance of speed and agility.
They can afford to glide slowly through the air and risk being easily caught, because once caught
and handled they are most often rejected by the predator due to their chemical defense (Marden
1992). Further, conditioned avoidance (Brower 1984) assures low capture rate in the future.
Among scale density, wing toughness, and wing loading no significant trends were
found with regard to palatability. This could suggest that these attributes do not impact fitness
enough to cause significant differentiation between species with different anti-predation
strategies, or that these attributes are compensated to put energy toward more important

factors. But, a trend was found for unpalatable butterflies to have tougher wings than palatable
species. Since the trend exists, but is not significant, it suggests that maybe sample sizes were
not sufficiently large to eliminate the large variation present in the data so, to extract
conclusive correlations is difficult. The problem of small sample size contributes to all three
attributes discussed.
The negative correlations found between wing toughness and scale density (Figure 4)
and wing loading and scale density (Figure 5), as well as the positive correlation between
wing loading and wing toughness (Figure 6), show that depending on palatability, a species
tends towards one strategy or the other, but it is a continuum that species occupy in all places
and extremes. Wing loading and wing toughness have a positive correlation because most
often palatable butterflies need to be capable of fast and maneuverable flight which requires
low wing loading, and at the same time they need to be capable of escape when caught by a
predator which requires thin, weak wings that will break away easily. On the other hand,
unpalatable butterflies sacrifice speed and maneuverability (giving them a high wing loading)
for less energetically expensive flight and their need for escaping predators undamaged causes
their wing toughness to be greater. As seen in the graph (Figure 6), there is a tendency for
palatable butterflies to have lower speed when they have tough wings compared to
unpalatable butterflies. This could be due to the fact that some of the species sampled were
mimetic, depending on this rather than flight speed or weak wings to escape predators.
When specific species were examined more closely, M. peleides (cryptic, palatable)
was found to have significantly fewer wing flaps per second than the other two species.
This may seem counterintuitive, but it must also be considered that when this species is
threatened by a potential predator, its flight becomes very fast and sporadic. The fact that H.
clysonymus and M. peleides did not differ, could reflect that total behavior was not studied,
because other aspects of a butterfly’s life strategy could affect its flight patterns. It was also
found that the three species differed in the amount of time they spent engaged in each
activity. Caligo memnon and M. peleides spent the largest portion of their time resting. This
may be explained by the fact that they are both large, so it is energetically more expensive
to fly than for small species. Also, the cryptic coloration found on the underside of both
species' wings helps to keep them hidden from predators. The more time they spend resting
as opposed to out flying and eating, the more time they are hidden and relatively safe. In
contrast, H. clysonymus spent most of its time eating as well as flying. This species is
unpalatable and aposematic so remaining hidden is not a concern.
These results have shown that palatable butterflies do utilize different strategies for
avoiding predators than used by unpalatable species, and have suggested that pressures
placed by the visual predators have affected the life strategies used by the different
butterflies. Also, it's possible that as these defensive strategies, such as chemical defenses,
have evolved, other characteristics will secondarily evolve to enhance the chosen strategy to
more effectively protect the butterflies. This suggests that the evolution of chemical defenses
has impacted the behaviors displayed by butterflies and the way in which they interact with
their communities.
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